Abstract. The present study aimed to investigate alterations in Toll-like receptor 4 (TLR4), interferon regulatory factor 5 (IRF5) and interferon-γ-inducible protein-10 (IP-10), and evaluate whether these factors may be associated with a sustained virological response (SVR) among patients with hepatitis C virus genotype-1 (HCV-1) who were treated with peginterferon plus ribavirin (PEG-IFN-RBV). A total of 31 Chinese patients infected with HCV-1 were enrolled in the present study and 25 patients obtained SVR. The expression levels of IP-10 declined significantly during PEG-IFN-RBV therapy at the 24 and 48 week time-points, compared with the baseline (P<0.005, 0.001 and 0.001, respectively). In addition, it was observed that IRF5 mRNA expression and the number of TLR4
Introduction
The standard treatment for chronic hepatitis C virus (HCV) infection is a weekly administration of peginterferon (PEG-IFN) combined with a daily dose of ribavirin (RBV). However, <50% of patients infected with HCV genotype-1 (HCV-1) treated with this regimen achieve a sustained virological response (SVR) in Western countries (1, 2) . Treatment with PEG-interferon (IFN) plus RBV activates the immune system, marked by the expression of cell membrane proteins and secretion of cytokines. In a preliminary experiment, the authors of the present study demonstrated that Toll-like receptor 4 (TLR4) expression was significantly downregulated on peripheral blood mononuclear cells (PBMCs) during PEG-IFN and RBV combination therapy in patients with genotype-1 chronic hepatitis C (CHC) (3) . The results suggested that IFN may regulate TLR4 expression, subsequently affecting the immune cell signaling pathways, and thus the production and secretion of cytokines. The TLR transmembrane receptor family is important in the recognition of pathogen-associated molecular patterns, thus leading to the vigorous production of type I IFNs and proinflammatory cytokines (4) . It has previously been demonstrated that TLR4 may be induced by hepatocyte-specific transgenic expression of the HCV nonstructural protein (NS)5A (5) . TLR4 agonists, including lipopolysaccharide (LPS), have been reported to induce interferon-γ-inducible protein-10 (IP-10) production (6). Sahin et al (7) described a novel proapoptotic effect of IP-10 in hepatocytes. Notably, the effect is not mediated via its cognate chemokine receptor, but via TLR4. IP-10 is a T-cell-specific CXC chemokine of 77 amino acids in its mature form, which targets C-X-C motif receptor 3, and attracts natural killer cells, T lymphocytes and monocytes.
The association between the dynamic alterations of IP-10 during PEG-IFN and RBV treatment of patients with HCV-1, TLR4 expression on PBMCs and the development of the SVR, remains to be fully elucidated. The present study investigated marked alterations in IP-10, TLR4, IRF3 and IRF5 in patients with HCV treated with PEG-IFN-based standard therapy. The results suggested that decreasing levels of IP-10 were observed via a decrease in the expression of TLR4 on PBMCs during PEG-IFN treatment. In addition, SVR may be associated with IP-10, IRF5 and TLR4 expression on PBMCs in patients with CHC during antiviral therapy.
The HCV RNA load (lg10 RNA) was -6.53 (range, -5.95 to -7.20). Alanine transaminase (ALT) and aspartate aminotransferase (AST) levels were: 69.9 IU/l (range, 39.5-95.5 IU/l) and 57.2 IU/l (range, 38.0-91.3 IU/l), respectively. CHC was diagnosed according to the Strategy for Prevention and Therapy of Viral Hepatitis (8) . HCV was confirmed to be HCV-1 based on genotyping results. All subjects were negative for hepatitis B and D, human immunodeficiency virus, and for other markers of autoimmune hepatitis and drug-induced hepatitis. The present study was approved by the Ethics Committee of the Second Xiangya Hospital (Changsha, China).
Study design. CHC participants received subcutaneous injections of PEG-IFN-a-2a (180 µg/week), and daily oral RBV (15 mg/kg; Kangmei Pharmaceutical Co., Ltd., Shanghai, China) for 48 weeks. Blood samples were collected at the baseline (prior to the treatment) and at 4, 12, 24 and 48 weeks during the treatment, and additionally 24 weeks (72 weeks total) following discontinuation of antiviral treatment.
Virological evaluations. HCV RNA levels were measured using the COBAS TaqMan HCV assay (Roche Molecular Diagnostics, Pleasanton, CA, USA) according to manufacturer's protocols, with low and high cut-off limits of quantification, 15 to 6.9x107 IU/ml (1.2-7.8 log IU/ml). HCV genotype was determined using a HCV Genotype Primer kit (Institute of Immunology, Tokyo, Japan) according to the manufacturer's protocol.
Detection of TLR4
+ PBMCs. PBMCs were isolated from heparinized blood using Ficoll-Hypaque (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) density gradient centrifugation in 200 µl staining buffer (BD Biosciences, Franklin Lakes, NJ, USA) at room temperature for 5 min at 800 x g. PBMCs (1x10 6 ) were incubated with allophycocyanin-labeled anti-TLR4 (1:20; cat. no. 564401; BD Biosciences) in a 100 µl experimental sample at room temperature for 30 min, and washed twice prior to analysis with flow cytometry (FACScan flow cytometer; Beckman Coulter, Inc., Brea, CA, USA), using Cell Quest software (version 5.1; BD Biosciences).
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNA was extracted from PBMCs using RNeasy Mini kit (Qiagen GmbH, Hilden, Germany). RT-qPCR was conducted using a Rotor-Gene 3000 real-time PCR instrument (Qiagen GmbH). RT was conducted with 10 µl RNA with 2 µl RT primer and amplification kit (Enhanced Avian HS RT-PCR Kit; Sigma-Aldrich; Merck Millipore) at 50˚C for 60 min according to the manufacturer's protocol. IRF3 and IRF5 mRNA was amplified with SYBR ® real-time PCR kit (Takara Biotechnology Co., Ltd., Dalian, China) using PCR primers presented in Table I . The thermocycling conditions of the reaction were as follows: Initial denaturation at 94˚C for 3 min, 30 cycles of denaturation at 94˚C for 30 sec, annealing at 58˚C for 30 sec and elongation at 72˚C for 30 sec, and final elongation at 72˚C for 7 min. All reactions were conducted in triplicate for three independent experiments. The mean quantification cycle (Cq) value of target genes was normalized against the Cq value of β-actin mRNA, and the relative expression levels were calculated using the following formula: 2 -∆∆Cq , where ∆∆Cq=(Cq-Cq β-actin ) CHC patient -(Cq-Cq β-actin ) Normal control (9) .
Detection of IP-10 by ELISA. Plasma IP-10 levels were measured using Human CXCL10/IP-10 Quantikine ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA).
Statistical analysis. All variables were normally distributed, and data was presented as mean ± standard deviation. Data in multiple groups were compared with one-way analysis of variance followed by Tukey's test, and the comparison between two groups was performed with an independent sample t-test. A paired sample t-test was used to analyze the data of different time points for one group. Spearman correlation analysis was used to analyze the correlation between IP-10 and IRF5, IP-10 and TLR4, and IRF5 and TLR4 in the SVR and non-SVR groups. Multivariate regression analysis was used to analyze the correlation between multiple factors including SVR, IP-10, TLR4 and IRF5. All statistical analyses were based on two-sided hypothesis tests, and P<0.05 was considered to indicate a statistically significant difference. All analyses were carried out using SPSS software version 16.0 (SPSS, Inc., Chicago, IL, USA).
Results
Baseline characteristics associated with SVR. At baseline, age and gender were comparable between the SVR and non-SVR groups. ALT and AST were significantly higher in the non-SVR group (P=0.0032 and 0.0042 vs. SVR group, respectively). Frequency of TLR4 expression on PBMCs, and levels of serum IP-10, IRF3 and IRF5 were similar between the SVR and the non-SVR groups (Table II) .
Viral load and serological alterations in patients with CHC.
A total of 25 patients (80.65%) achieved SVR and the remaining six did not. HCV-RNA, ALT and AST levels declined gradually during the treatment and follow-up period in the SVR and non-SVR groups. The number of patients with detectable HCV-RNA in the SVR group was significantly fewer than in the non-SVR group at 4, 12 and 48 weeks during the treatment period, and the 24 week follow-up (P<0.05; Fig. 1 ). The percentage of patients with abnormal ALT and AST in the SVR group at 24 and 48 weeks during the treatment period, and the 24 week follow-up was significantly lower than that in the non-SVR group (P<0.05; Fig. 1 ).
TLR4, IRF3, IRF5 and IP-10 alterations between SVR and non-SVR groups, at different time points.
There was no difference in the percentage of TRL4 + PBMCs in SVR and non-SVR groups at baseline; however, with treatment, the percentage gradually decreased, and was significantly lower at 24 and 48 weeks in the SVR group compared with the non-SVR group (P<0.0001 and P<0.0001; Fig. 2A ). The mRNA expression levels of IRF3 were similar at baseline in the SVR and the non-SVR groups [SVR IRF3 relative quantification (RQ)=22.07±5.63 vs. non-SVR IRF3 RQ=24.83±6.38]. With an extended period of treatment the IRF3 RQ values in the SVR group were slightly lower than in the non-SVR group, but there was no statistically significant difference between the two groups. A total of 24 weeks following treatment (72 weeks), the IRF3 RQ values in the non-SVR group were markedly increased compared with the SVR group (P=0.035; Fig. 2B) .
Conversely, the IRF5 levels in the SVR group decreased during treatment compared with those of the non-SVR group, even though similar levels were observed at baseline between the two groups (SVR IRF5 RQ=24.52±13.78 vs. non-SVR IRF5 RQ=21.82±6.59). The IRF5 levels in the SVR group were significantly lower than those in the non-SVR group at times ranging between 24 and 48 weeks following the The baseline levels of IP-10 in the SVR and non-SVR groups were 154.59±43.36 and 192.78±65.25 pg/ml, respectively. There was no statistically significant difference between the two groups (P=0.089). During the course of treatment, the IP-10 levels in the SVR group decreased. In addition, IP-10 levels did not declined in the non-SVR group. At 24-72 weeks, the IP-10 levels in the SVR group were significantly lower than in the non-SVR group. The IP-10 expression levels at the final three time points (24, 48 and 72 weeks) were 107.71±65.74, 64.89±20.19 and 52.77±35.1 ng/ml, respectively in the SVR group vs. 209.85±88.87, 218.88±112.67, and 147.65±66.68 pg/ml in the non-SVR group. P=0.003, P<0.001 and P=0.0011; Fig. 2D ).
Decrease of serum IP-10 in SVR.
Within the SVR group, serum IRF5 mRNA expression, serum IP-10 concentration and the percentage of TLR4 + PBMCs were all significantly lower at 24, 48 and 72 weeks compared with the pretreatment baseline. In the non-SVR group, a significant decrease in serum IP-10 concentration was not detected following treatment (Fig. 3) .
Correlations between serum levels of IP-10, TLR4 and IRF5.
Serum IP-10 levels exhibited a positive correlation with IRF5 RQ values and with the frequency of TLR4 + PBMCs in the SVR group, (R 2 =0.0726, P=0.001, R 2 =0.1634, P<0.0001, respectively) but not in the non-SVR group (Fig. 4) . In addition, a positive correlation was observed between IRF5 and the frequency of TLR4 + PBMC cells in the SVR group (Fig. 4) .
Discussion
HCV infects 130-170 million people worldwide and frequently leads to the development of cirrhosis and hepatocellular carcinoma (HCC) (1). The incidence of HCV in China is high: ~42 million people are infected, with an infection rate of ~2.6% (10) . Spontaneous viral clearance occurs in some patients following acute HCV infection; however, 50-80% of individuals with an acute HCV infection have it develop into a chronic infection, and are at a significant risk of progressive liver fibrosis, and subsequent liver cirrhosis and HCC.
Cytotoxic T cell (CTL) depletion or impairment is one of the major features of chronic HCV infection. CTLs exhibit a decline in the secretion of antiviral cytokines and proliferative capacity, leading to a decrease in cytotoxicity (11, 12) . T-cell activation is triggered primarily via major histocompatibility complex molecules loaded with viral peptides on antigen-presenting cells (APCs). There are two signaling events involved in the activation process: Signal 1 is provided by the T-cell receptor and signal 2 by co-stimulatory signals, predominantly via cluster of differentiation (CD) 28, which interacts with its ligands on the surface of APCs: B7-1 (CD80) and B7-2 (CD86) (13) . These co-stimulatory molecules provide an activating signal, whereas others provide an inhibitory signal and the balance between the two determines the outcome of the cellular immune response (14) . TLRs are a class of innate immune receptors that may be expressed on APCs and immune effector cells. TLR signals are transduced via two main pathways: Myeloid differentiation primary response 88 (MyD88)-dependent and MyD88-independent signaling pathways. These two pathways result in the activation of mitogen-activated activated protein kinases (MAPKs) and transcription factors that regulate inflammation, including nuclear factor-κB, which regulates the production of IFN-β, which in turn induces an increase in the levels of co-stimulatory molecules, such as CD80 (B7-1) and CD86 (B7-2) on the surface of APCs, and signals other cells to secrete cytokines including IL-1, IL-6, IL-8, IL-12 and tumor necrosis factor (TNF)-α, which all contribute to the activation of the adaptive immune response (4).
TLR4 is a transmembrane receptor that recognizes LPS as its primary ligand (15) . The function of TLR4 in LPS-stimulated proinflammatory responses of Kupffer cells has been well characterized (16, 17) , and a previous study has suggested a direct role of TLR4 in hepatic fibrogenesis (18) . Results from in vitro experiments indicated that TLR4 may have a close association with sustained HCV infection. TLR4 was upregulated in BV2 cells incubated with HCV-positive serum, leading to the secretion of the inflammatory cytokine TNF-α (19) . Transfection of QSG7701 cells with pCN5A; an NS5A expression vector, led to a detection of HCV NS5A in the cytoplasm, and an upregulation of the mRNA and protein expression levels of TLR4 (20) . Activation of TLR4 results in inflammation by promoting the secretion of inflammatory cytokines, such as TNF-α and IL-6, via the MyD88-dependent pathway; and antiviral effects by promotion of the secretion of IFN-β via the MyD88-independent pathway (21) . A previous study has also demonstrated that the increased plasma levels of IP-10 in hyperglycemia are mediated by the TLR4 pathway (22) .
PEG-TNF-α 2a is now widely regarded as one of the most effective antiviral drugs for the treatment of CHC. It inhibits the replication of HCV RNA in cells, whilst modulating the immune functions to promote removal of the virus. Genotype-1 virus is associated with refractory HCV and several patients infected with this genotype fail to achieve an ideal response to antiviral therapy. Therefore, it is important to establish a curative effect prediction index prior to and during the process of treatment to improve patient compliance, to have an expectation of the long-term efficacy of treatment and promptly adjust the treatment plan. The current study investigated the marked alterations in TLR4 expression, IRF3, IRF5 and IP-10 levels in PBMCs of patients with chronic HCV treated with PEG-IFN plus RBV, and the possible correlation among these factors. To establish the association between these factors and the efficacy of IFN therapy, the present study observed 31 cases of patients with CHC treated with PEG-IFN-α 2a in combination with RBV, and determined the IL-28B genotype, the serum HCV-RNA load, the percentage of TLR4 + PBMCs, the mRNA expression levels of IRF3 and IRF5 in PBMCs, and serum IP-10 levels at baseline and 4, 12, 24, 48 and 72 weeks following treatment, and analyzed the association between the curative effects and these factors.
In the cohort of Chinese patients in the present study, 80.65% (25 cases) exhibited SVR, which is significantly greater compared with the value of 42-52% of patients in Western countries (1) . The remaining six patients (19.35%) did not reach SVR. TLR4 expression on PBMCs and levels of serum IP-10, IRF3 and IRF5 at baseline were similar between the SVR and non-SVR groups.
The results of the present study suggested that the success of IFN plus RBV treatment for patients with genotype-1 CHC that exhibit SVR is associated with a reduction in the percentage of TLR4 + PBMCs, lower levels of IRF5 mRNA in PBMCs, and a reduction in the levels of inflammatory factors, including IP-10. IP-10 is categorized in the CXC subfamily of chemokines, which contain a single and variable amino acid between the first two of four highly conserved cysteine residues (23) . Determination of high levels of IP-10 in bodily fluids is therefore a marker of host immune response, particularly T helper 1 polarized T cells (24) . It has been suggested that the chemokine IP-10 is important in chronic inflammatory conditions, including various autoimmune diseases (25) . Previous studies have suggested a significant association between the expression of the CXC chemokines and the development of progressive liver injury in patients with CHC (26, 27) . IP-10 is a key factor in liver inflammation, and is expressed in the liver of patients with HCV (28) (29) (30) . Various independent studies indicated that elevated plasma levels of IP-10 predict the failure of combination therapy (31, 32) . Human serum levels of IP-10 range between 20 and 400 pg/ml, with the higher values commonly observed among individuals with chronic inflammatory conditions, including HIV infection and HCV (33) . To the best of our knowledge, the present study additionally observed for the first time, that a decrease in the serum concentration of IP-10 was associated with SVR, as the difference in IP-10 levels 24-72 weeks following treatment between the SVR and the non-SVR groups was statistically significant. A previous study reported significant differences in pretreatment serum IP-10 concentrations between patients with SVR or those without; however, our study did not replicate these findings (34) . The reasons for these discrepancies are unclear, it may due to the smaller sample size. These results revealed that compared with the baseline levels of IP-10, the decline of serum levels of IP-10 throughout the course of treatment is an effective predictor of the occurrence of SVR in IFN plus RBV treatment of HCV-1.
The results of the present study demonstrated that serum IP-10 expression levels were positively correlated with IRF5 mRNA RQ value in PBMCs and with the % TLR4 + PBMCs, (R 2 =0.0726, P=0.001 and R 2 =0.1634, P<0.0001, respectively) in the SVR group, but not in the non-SVR group. The IRF5 mRNA RQ value in PBMCs also correlated with the frequency of TLR4 + PBMCs in the SVR group. Assessments of the associations between serum IP-10 and TLR4, IRF5 and IRF3 revealed that IP-10 concentration was significantly correlated with TLR4 and IRF5 in the SVR group. The correlation between these indicators was not observed in the non-SVR group. TLR4 expression on PBMCs was significantly lower in the SVR group at 24, 48 and 72 weeks into the treatment (P<0.0001). IRF5 levels in the SVR group were decreased with the extension of treatment time, but this was not observed in the non-SVR group. IRF5 levels in the SVR group were significantly lower compared with the non-SVR group at 24- In conclusion, the results of the present study demonstrated an association between the decrease in IP-10 levels and a favorable viral kinetic response during combination treatment with PEG-IFN-α2a and RBV in patients infected with HCV-1. A similar association was observed between TLR4 + PBMCs and IRF5 mRNA expression levels. Further studies may include an analysis of the underlying mechanism of how IFN results in a decline of TLR4 expression, which in turn may affect IRF5 signaling pathways and result in a decrease of IP-10, which may exhibit an association with the outcome of antiviral treatment in patients with genotype-1 CHC. The baseline expression levels of TLR4 within PEG-IFN plus RBV-treated patients may be associated with the expression of the IL-28B genotype in the host, resulting in the subsequent development of SVR.
